Cancer is rare before age 15 years. However, in Europe, the incidence rate among children has increased by 1.0% per year since the 1970s, reaching 140 cases per 1 million children in the 1990s. 1 In the Nordic countries (2000-2009), the age-standardized incidence rates were 17.1 and 15.2 per 100 000 in boys and girls, respectively (the NORDCAN database).
The etiology of childhood cancers is largely unknown. Based on the early age at diagnosis, it has been speculated that some childhood tumors may have a fetal origin. A complex interplay of genetic, hormonal, nutritional, and environmental factors determines fetal growth, and excessive fetal growth has been associated with some childhood cancers. 2 One of the most consistent findings is that high birth weight is associated with an increased risk of childhood leukemia, both acute lymphoid leukemia (ALL) 3 and acute myeloid leukemia (AML). 4 High birth weight has also been linked to development of other childhood tumors such as cancers of the central nervous system (CNS), lymphomas, and Wilms tumors (nephroblastoma), but results have been inconclusive. [5] [6] [7] Earlier Nordic population-based studies have also shown that increased head circumference is positively associated with childhood brain cancer, suggesting that brain pathologic conditions originate in fetal life. 8, 9 Studies of pregnancy risk factors are made difficult by the low relative frequency of different childhood tumors. Pooling data from birth and cancer registries in several countries, however, makes it possible to achieve a sufficient study size.
In the current study, we report on a large, joint Nordic population-based study undertaken to evaluate the risk of childhood cancers in relation to several measures of fetal growth (birth weight, length, ponderal index, and head circumference).
METHODS

Data Sources
The population-based Nordic medical birth registries contain information on all births in Denmark, Finland, Norway, and Sweden since 1973, 1987, 1967, and 1973 , respectively. 10 Information from national hospital patient registries, when available, was used to supplement birth registry data. Danish data were included starting in 1977 because some variables were obtained from the Danish National Hospital Register established in that year. 11 Reporting of cancer cases is compulsory in the Nordic countries, and the cancer registries of Denmark, Finland, Norway, and Sweden cover the entire population starting in 1943, 1952, 1953, and 1958 . 12 
FIGURE 1
Number of childhood cancer cases according to age and country.
FIGURE 2
Number of major childhood cancer cases according to age.
Every resident in the Nordic countries is assigned a unique country-specific personal identification number used in all administrative and medical registries. This identification number makes accurate record linkage possible.
Study Design
The data were analyzed within a nested case-control design. 15 The reference group, appropriate for gestational age, was defined as children who were neither SGA nor LGA, with birth weight within 2 SDs of the mean weight for gestational age. Gestational age was measured as completed weeks of gestation. Data for newborns with extreme measures were excluded from the analyses; that is, gestational age ,23 weeks and .44 weeks (0.2%), birth weight ,500 g and .6000 g or extremely small or large for gestational age (64 SDs away from the published weights by gestational age 15 
Statistical Analysis
Odds ratios (ORs) and their 95% confidence intervals (95% CIs) were derived from conditional logistic regression models. We denote the increased/decreased ORs as increased/ decreased risks. With relatively rare childhood cancers as the outcome, ORs closely approximate relative risks, although the difference between the 2 types of estimates increases at high/low risks. 16 
Ethical and Legal Considerations
Ethics approvals were obtained from review boards in Norway and Sweden, and from the US National Cancer Institute. In Denmark, the study was approved by the Data Protection Agency. In Finland, the National Institute for Health and Welfare gave permission to use its health registry data after approval by the data protection authority. Table 1 show the number of cases with major childhood cancers according to age and country. The age distribution was similar in all 4 Nordic countries. Mean age at diagnosis was 6 years, and 53% of cases were diagnosed in children aged ,5 years. CNS tumors (29%), ALL (24%), and lymphomas (8%) were most common, with mean ages at diagnosis of 6.2, 5.2, and 8.4 years, respectively. Table 2 shows maternal and child characteristics of the study population. The cases generally had higher birth weight, length, and head circumference and were more often LGA at birth than the controls.
RESULTS
Figures 1 and 2 and
The ORs of selected childhood cancers according to measures of fetal growth are presented in Table 3 . Risks of all childhood cancers combined increased with increasing birth weight (P trend # .001), observed in all age groups (Fig 3) . Among children diagnosed before 1 year of age, those who were LGA were at increased risk (OR: 1.6 [95% CI:
Risks of several tumor types increased with increasing birth size. Risk of connective/soft tissue tumors increased with increasing birth weight (P trend = .006) ( Table 3 ). Risk of ALL was elevated in children with birth weight .4000 g, in all age groups (Fig 4) This study took advantage of the opportunity to cross-link population-based medical birth registries with cancer registries in Denmark, Finland, Norway, and Sweden, to explore associations between measures of fetal growth and relatively rare childhood cancers.
Among the strengths of our study were the large number of childhood cancer cases and linkage of comprehensive and compulsory databases with reliable information that was collected in a similar manner in each country. 12, [17] [18] [19] [20] We were also able to adjust for important maternal and gestational confounders in the analyses, including gestational age, maternal age and parity, and, in some cases, maternal BMI, smoking, and diabetes. Migration in and out of the 4 countries during the study period was rather low. Because the study was population-based selection bias was unlikely. Information on fetal growth measures and other variables in the birth registries was registered before and independent of the diagnostic data from the cancer registries, thus eliminating recall and reporting biases.
The study was limited by lack of details on other possibly important confounders, which were unavailable in the health registries used. Examples include information on infectious disease history and different environmental exposures. Another concern is that multiple comparisons in our study could have created an increased risk of false-positive results. We performed subgroup analyses for 8 different cancer types in addition to all childhood cancer, for both genders and 4 age groups. However, we only have ORs were adjusted for gestational age, birth weight, maternal age, and parity. AGA, appropriate for gestational age.
results for groups that have previously been found in other studies.
In recent years, there has been increasing interest in identifying etiologic factors that may act during the perinatal period. In several studies, anthropometric measurements at birth have been linked to different childhood cancers. Leukemia is 1 of the most common malignancies affecting children, and growing evidence suggests that childhood leukemia originates in utero. A 2009 meta-analysis of 31 studies on birth weight and childhood leukemia showed an association between high birth weight and increased risk for leukemia overall and for ALL. 4 For AML, a U-shaped association was suggested, with the risk elevated at both high and low extremes of birth weight. A recent British study using data from the National Registry of Childhood Tumors demonstrated that the increased risks for ALL with increasing birth weight were most pronounced in cases with high hyperdiploid karyotypes and those positive for t(1;19) translocation. 21 We found an increased risk with high birth weight for ALL (.4000 g) and AML (.4500 g), although the latter association was not statistically significant. Although no increased risk was observed between AML and birth weight ,3000 g, an increased risk was seen among SGA newborns.
Epidemiologic studies examining the association between birth weight and lymphomas have had conflicting results. 22, 23 A 2012 meta-analysis, encompassing 2 cohort and 7 case-control studies, found no statistically significant associations between birth weight and lymphoma in general or between birth weight and major lymphoma categories (non-Hodgkin' s and Hodgkin' s lymphoma). 5 A national Swedish cohort study, overlapping partly with the Swedish data in our study, reported that increased fetal growth was associated with non-Hodgkin' s lymphoma in early life, independent of gestational age and other perinatal factors. 24 We found an increased risk of all lymphomas combined with high birth weight (.4000 g) in children diagnosed at age 10 to 14 years.
High birth weight (.4000 g) generally has been associated with a 30% to 50% increased risk of Wilms tumors, 7, 25, 26 although Nordic data have shown that the effects of high birth weight and being LGA were restricted to girls. 7 Our findings confirmed the earlier observations of an increased risk of Wilms tumors at high birth weights (.50% increased risk at birth weights .4000 g compared with the reference group [3000-3499 g]) and being LGA (.100% increased risk) in girls. In data from the Children' s Oncology Group in the United States, the association between high birth weight (.4000 g) and Wilms tumors was strongest among patients with perilobar nephrogenic rests, present in 17% of the girls and 9% of the boys. 25 The results for birth weight and CNS tumors in children have been conflicting. An Australian study on fetal growth and risk of childhood CNS tumors found little evidence of an overall association, using relatively novel measures of fetal growth (proportion of optimal birth weight, length, and weight for length). 23 In contrast, a Nordic study (using part of the current data set) found a U-shaped relation between birth weight and CNS tumors.
LGA and SGA were also associated with risk; however, the latter was of borderline statistical significance only. 9 In our expanded data set, we found an increased risk for CNS tumors in children with birth weight .4500 g but no associations with SGA or LGA.
There is little evidence in any study, including ours, for an association between childhood cancers and very low birth weight, except for the strong association with hepatoblastoma. 27 However, we observed an increased risk for AML among children born SGA.
The biological mechanisms underlying the association between high birth weight and childhood cancer are not well established but are likely to include growth factors. In particular, insulinlike growth factor (IGF)-I and IGF-II have been linked to increased birth weight and length, 28, 29 and IGF-I has been shown to inhibit apoptosis and enhance tumor growth. 30 There has also been speculation that a high birth weight, with larger organs, implies a larger number of stem cells, thus
FIGURE 4
ORs and 95% CIs of ALL according to birth weight and age, Nordic countries, 1967-2010. ORs were adjusted for gestational age, maternal age, and parity.
increasing the total number of replicating cells at risk for malignant transformation. 4, 31 Overgrowth conditions are believed to be associated with increased childhood cancer risk as well. The risk of tumors in individuals with Beckwith-Wiedemann syndrome, 1 of the most common overgrowth conditions, is ∼5% to 10%, with Wilms tumor being the most frequent cancer. 32
IGF2 (which encodes IGF-II) is an imprinted gene, normally expressed only from the paternal allele. When loss of imprinting occurs, biallelic expression may lead to enhanced fetal growth. IGF2 resides on the short arm of chromosome 11, which also harbors the Wilms tumor genes 1 and 2.
Genetic and epigenetic alterations on the short arm of chromosome 11 are often involved in sporadic Wilms tumors. 33 The observed association between growth factors and increased total number of stem cells, and thus replicating cells, has also been implicated in the etiology of leukemia. 4 Furthermore, overexpression of IGF2 has been associated with AML and ALL, suggesting a role of epigenetic alterations in the association between high birth weight and risk of leukemia. In our study, lack of a significant association between high birth weight and AML might be due to the low number of incident cases compared with ALL cases. The point estimates, however, were similar for the association between high birth weight and both ALL and AML.
Previous Nordic studies, which partly overlap with ours, have shown that head circumference is positively associated with childhood CNS tumors. 8, 9 The strongest effect was observed in the youngest age groups and persisted up to age 10 years. We also found an increasing risk with increasing head circumference but only among children diagnosed within the first year of life (except for the Norwegian data). This increased risk within the first year was observed in both boys and girls, as well as in all 4 Nordic countries. The early age dependency of the association favors the
FIGURE 5
ORs and 95% CIs of CNS tumors according to head circumference and age, Nordic countries, 1967-2010. ORs were adjusted for gestational age, birth weight, maternal age, and parity.
presence of an undiagnosed brain tumor at birth. However, congenital brain tumors are rare, accounting for only 0.5% to 4% of all pediatric brain tumors. 34, 35 
CONCLUSIONS
We observed increased risks for several childhood tumors in relation to measures of fetal growth, suggesting that important determinants of tumorigenesis may arise in utero. Biological mechanisms should be further explored to explain these associations.
